Purpose The aim of this study was to evaluate clinical outcomes and complications following minimally invasive plate osteosynthesis (MIPO) with the proximal humeral internal locking system (PHILOS) for treating proximal humeral shaft fracture through the deltopectoral approach. Methods Between November 2008 and March 2010, 74 patients with unilateral proximal humeral shaft fractures were treated using the MIPO technique with the PHILOS through the deltopectoral approach. Patients received an average follow-up of 16.9 (range, 12-24) months, and the final follow-up included anteroposterior and lateral imaging and recording of postoperative complications. The Constant-Murley shoulder score was used to evaluate function. Results No intraoperative complications occurred. Postoperative complications included subacromial impingement in four patients. There was no deep infection, neurovascular damage, breakage or implant loosening. All fractures united in an average time of 17.4 (15-25) weeks. In terms of function, the Constant-Murley score was 85.8 points on average (range, 67-100). The range of motion of the involved shoulder was satisfactory, and pain-free in 83.8 % of patients. Conclusions Using the MIPO technique with the PHILOS through the deltopectoral approach is a valid and safe method of treating proximal humeral shaft fractures.
Introduction
Proximal humeral shaft fractures are commonly seen in upperlimb injuries [1] , and their incidence is rising as a result of an ageing society and increasing numbers of traffic accidents [2, 3] . Anatomical reduction, stable fixation and early mobilisation are prerequisites for full functional recovery of the involved shoulder following displaced proximal humeral shaft fractures.
According to previous reports, there are several methods to treat proximal humeral shaft fractures, each with different outcomes and associated complications. Traditionally, open reduction is used to achieve accurate alignment and avoid neurovascular damage. However, extensive soft-tissue dissection can result in iatrogenic damage to the radial nerve. Moreover, the risk of nonunion is increasing. Therefore, theoretically, minimally invasive percutaneous osteosynthesis (MIPO) should be beneficial to attain fracture union and prevent complications. Preliminary studies report that MIPO offers a valid option for treating proximal humeral shaft fractures [4] .
The proximal humerus internal locking system (PHILOS; Synthes, Paoli, PA, USA) can provide angular stability and has been used for operative management of proximal humeral fractures for several years [5] . The system has the potential for enhanced stability of bone-plate structure that could allow early functional exercises. Additionally, it can be inserted using a MIPO approach without additional damage [6, 7] . This method requires less soft-tissue dissection and restricts fracture haematoma and damage to the blood supply to the bone fragments. Although there are numerous publications concerning the MIPO technique, few focus on proximal fractures of the humeral shaft.
Our retrospective study was designed to investigate clinical outcomes and associated complications of proximal humeral shaft fractures treated with the PHILOS using the minimally invasive deltopectoral approach. The study was approved by the Institutional Ethical Board.
Patients and methods
Between November 2008 and March 2010, we treated 92 patients with proximal humeral shaft fracture using the MIPO technique. Patients were included in this study if the diagnosis was acute and were treated with the PHILOS inserted through the deltopectoral approach in a minimally invasive manner. Indications for MIPO with the long PHILOS plate were fractures of the proximal third of the humeral shaft and shaft fractures that extended into the humeral head showing an angulation over 20°in the anteroposterior or lateral X-ray or an axial shortening of over three centimetres after closed reduction [4] . Those with follow-up under 12 months were excluded from the study. Patients with open injuries, pre-existing nerve injuries and polytrauma were also excluded. Consequently, there were 74 patients with detailed data for analysis (26 men, 48 women; age range 34-86 years, average 57.3 years). Forty-two cases were the result of accidental falls, and 32 were caused by traffic accidents. Sixty cases involved the dominant side. All fractures involved mainly the proximal and middle humeral shaft.
According to the Arbeitsgemeinshaft für Osteosynthesefragen/Orthopaedic Trauma Association (AO/OTA) criteria, four fractures were categorised as type A1, five as A2, 26 as B1, 14 as B2, five as B3, 12 as C1 and eight as C2. Thirtytwo cases had confirmed primary osteoporosis. The average injury-to-surgery interval was 2.4 (range, one to five) days, and average follow-up was 16.9 (range, 12-24) months.
Surgical technique
Under general anaesthesia, the patient was put in a beach-chair position under C-arm control. Proximally, a five centimetre incision was made at the deltopectoral groove to expose the anterolateral side of the greater tuberosity of the humerus. The other five centimetre incision was made over the lateral side of the distal humeral shaft. The brachialis muscle was split by blunt dissection along the lateral side of the biceps brachii. It should be noted that the musculocutaneous nerve was lying on the lateral brachialis muscle. It is generally considered that eight centimetres above the lateral epicondyle is the landmark where the radial nerve pierces the lateral intermuscular septum and winds along the lateral border of the humerus. Generally, the nerve was not exposed, and the lateral retraction was performed gently. To develop a submuscular tunnel, the muscle was split bluntly when the epiperiosteal level was reached. The proximal fragment was positioned to maintain abduction and internal rotation. Then, the distal fragment was manoeuvred to obtain satisfactory alignment. The PHILOS was inserted proximal to distal. The proximal end of the plate was fixed temporarily at the anterolateral side of the greater tuberosity using a Kirschner wire, and the distal end was fixed with a screw. The location and alignment of the plate-humerus construction was confirmed using both the anteroposterior and lateral views under the C-arm machine. The proximal end was fixed with four or five 3.5-mm locking screws and the distal part with two or three 3.5-mm locking screws. Plate-humerus construction alignment was again checked radiographically. The wound was sutured layer by layer (Fig. 1) , and postoperatively, the patient was allowed to perform free, active shoulder movements without any additional external stabilisation device.
Follow-up
These patients agreed postoperatively to regular follow-ups at one, three, six and 12 months. Radiological imaging was used to determine bone-plate position and fracture union progress. Functional outcome was evaluated according to the Constant-Murley shoulder assessment [8] , the scoring system of which comprises four parts: pain, power, activities of daily living and range of movement.
Results

General
Operative time was 86 minutes on average (range, 45-150 min). Fluoroscopy time was an average of 70 seconds (range, 30-180 seconds). There were no intraoperative complications. All fractures united at an average of 17.4 (range, Fig. 1 Minimally invasive deltopectoral approach for plating proximal humeral shaft fractures. The proximal humeral internal locking system (PHILOS) was inserted proximal to distal. Proximal fragments were stabilised temporarily using a Kirschner wire (a). General view of the approach is shown after closure (b) 15-25) weeks (Fig. 2) . Hardware was removed in four patients due to lateral impingement and in 42 for social and personal reasons.
Function
The Constant-Murley score was assessed by two surgeons, with mean points for statistical analysis. In terms of movement, median range was 142°flexion (range, 90-180°); 45°e xtension (range, 30-50°); 45°internal rotation (range, 30-70°); 60°external rotation (range, 45-85°); 140°abduction (range, 110-180°). Regarding pain, 62 patients had none and 11 reported mild and one reported moderate pain. The average Constant-Murley score was 85.8 (range, 67-100) points.
Complications
No deep-wound infections, nerve or vascular injuries were observed. Four patients had subacromial impingement three months later. There was no implant loosening or breakage. Alignment was satisfactory in both anteroposterior and lateral views.
Discussion
There are few reports concerning clinical outcomes and associated complications following the MIPO technique for treating proximal humeral shaft fractures. Brunner and associates published preliminary results of MIPO for proximal humeral shaft fractures with the PHILOS using the delta-split approach and concluded that MIPO was effective for such fractures, and that lower rates of wound infection and shorter hospital stay could be achieved [4] . In our study, with an average postoperative follow-up of 16.9 months, we found MIPO to be safe and valid for proximal humeral shaft fractures. Satisfactory outcomes were achieved, including fracture union, lower incidence of complications and optimal restoration of shoulder function demonstrated by the Constant-Murley score.
Conservative treatment continues to be the most commonly accepted management for humerus shaft fractures. Although external stabilisation is simple and cheap, it is not easy to reduce the abducted fragment of the proximal fracture [9, 10] . Absolute and relative indications for surgical treatment of proximal humeral shaft fractures have been documented in textbooks. These include polytrauma, open fractures, bilateral fractures and floating elbow. Traditional open reduction and internal fixation often requires an extensive soft-tissue dissection, which may damage the vascular supply to the humeral head. Moreover, other less invasive methods, such as percutaneous pinning, require advanced skills and good bone quality, minimal fracture comminution and a cooperative patient [11] . Minimally invasive surgical techniques in diaphyseal fractures of long bones have shown advantages over the open conventional techniques, especially when they preserve the biological milieu of the fracture focus, allowing a better environment for consolidation with Fig. 2 Proximal humeral shaft fractures treated with the proximal humeral internal locking system (PHILOS) through the minimally invasive deltopectoral approach. Anteroposterior view of a proximal humeral shaft fracture categorised as type 12-B1.1 (a). Anteroposterior imaging was used after the fracture was plated with the PHILOS (b). Fracture union was achieved radiographically 15 weeks after the operation (c) fewer complications, such as infection and nonunion [6, 12] . These techniques have not been very popular in the proximal humeral fracture because of its anatomical complexity and the fear of damaging vital structures.
The deltopectoral approach is regarded as the standard for proximal humeral shaft fractures [13] as it provides adequate exposure for internal fixation. Concern about using the approach centres on potential damage to the radial nerve. In our study, the radial nerve was covered by lateral musculature and not routinely exposed. There was no radial nerve neurapraxia in these patients. Distally, the radial nerve is not at risk when the plate is placed on the anterior aspect of the humerus; however, slight supination is recommended [6] . For the delta-split approach, the implant is placed on the anterior face of the humerus; therefore, exposure of the radial nerve is unavoidable. The radial nerve should be handled cautiously during the procedure and protected simply by using gentle retraction if it is directly visualised. Lau et al. reported three cases of radial nerve neurapraxia from a total of 17 patients treated with MIPO for proximal humeral fractures [14] . They suggest that this problem was very likely because of the traction to the nerve during fixation of the plate distally.
Damage to the axillary nerve is very rare with the deltopectoral approach. However, by contrast, it is seen commonly when the delta-split approach is employed, when there are concerns regarding injury to the axillary nerve with subsequent dysfunction of the anterior deltoid [15, 16] . Although in a recent study injury to the axillary nerve was not observed, the axillary nerve is in danger according to previous studies [17] . The plate is inserted through a tunnel created proximal to distal along the lateral surface of the humerus and beneath the axillary nerve. The nerve is raised off the humerus with a finger as the plate is slid beneath it. The axillary nerve should be identified and examined intraoperatively thereafter. It has been indicated that early range of shoulder and elbow motion is possible after MIPO for humeral shaft fractures [18] . Brunner and associates found that MIPO with the PHILOS through the deltasplit approach offered a valid option for proximal humeral shaft fractures, with lower rates of radial neuropathy [4] .
The PHILOS plate has proven to be a valid implant for fractures extending into the proximal humeral shaft [19] . This recommendation is supported by recent findings of Lau et al. who treated 17 patients with proximal humerus fractures using a metaphyseal locking compression plate, which was put on the lateral side of the humerus [14] . Using this implant, they achieved stable fixation of the proximal fragment, even in osteoporotic bone, with three to four 3.5-mm locking screws.
In our study comprising 74 patients, all fractures united with an average union time of 17.4 weeks. No implantrelated complications were observed during an average follow-up of 16.9 months. No neurovascular damage was observed. The full range of shoulder and elbow motion was achieved in the majority of patients. There were four cases with subacromial impingement, which was confirmed by symptoms and radiographic examinations. Restricted motion disappeared when the implant was removed following fracture union.
To our knowledge, this is the first time that the MIPO technique with the PHILOS for proximal humeral shaft fractures in an adequate number of patients with follow-up has been reported. Although the MIPO plating technique is beneficial for proximal humeral shaft fractures, skilled and state-of-the-art patient management is necessary. The learning curve of MIPO plating for proximal humeral shaft fractures is unknown; however, mastery of the traditional technique of open reduction and internal fixation is essential in case the MIPO technique fails. In summary, the MIPO technique with the PHILOS through the deltopectoral approach is valid and safe for proximal humeral shaft fractures. However, controlled studies between MIPO through the deltopectoral and the delta-split approaches should be undertaken.
